Fruit tree planting is a common practice for alleviating poverty and restoring degraded environment in developing countries. Yet, its environmental effects are rarely assessed. The Jiujushui watershed (261.4 km 2 ), located in the subtropical Jiangxi Province of China, was selected to assess responses of several flow regime components on both reforestation and fruit tree planting. Three periods of forest changes, including a reference (1961 to 1985), reforestation (1986 to 2000) and fruit tree planting (2001 to 2016) were identified for assessment. Results suggest that the reforestation significantly decreased the average magnitude of high flow by 8.78%, and shortened high flow duration by 2.2 days compared with the reference. In contrast, fruit tree planting significantly increased the average magnitude of high flow by 27.43%. For low flows, reforestation significantly increased the average magnitude by 46.38%, and shortened low flow duration by 8.8 days, while the fruit tree planting had no significant impact on any flow regime components of low flows. We conclude that reforestation had positive impacts on high and low flows, while to our surprise, fruit tree planting had negative effects on high flows, suggesting that large areas of fruit tree planting may potentially become an important driver for some negative hydrological effects in our study area.
Introduction
The relationship between forest cover changes and streamflow has long been a heated topic in forested regions [1] [2] [3] . Over the past decades, numerous reviews have been made on the effects of forest change on annual mean flow [4] [5] [6] [7] [8] [9] . However, research on the impacts of forest change on flow regimes is rather limited [10] [11] [12] [13] . Flow regime is composed of five elements: magnitude, duration, timing, variability and frequency [11, 14] , and the alteration of any element can affect aquatic habitat and biodiversity, as well as ecosystem integrity [15] [16] [17] . For example, changes in magnitude and frequency are likely to affect the transport of organic matter and sediments, while changes in flow timing and duration could lead to interference of salmon spawning, and consequently salmon life cycle [11, 18] . Therefore, there is a critical need to study how forest cover changes may affect flow regime components where large forest cover change occurs.
Materials and Methods

Study Area
The Jiujushui watershed, located in the upper reach of Fu River, is one of the main tributaries of the Poyang Lake basin of Jiangxi Province in the southeast of China (Figure 1) . The watershed has a drainage area of 261.4 km 2 with the range of slope from 0 • to 50 • , a main channel drainage length of 41.8 km and an average elevation of 231 m ( Figure A1a,b) . Red soil, yellow-red soil and mountain yellow soil are the main soil types. Red soil is normally distributed in hilly areas with elevations as low as 500 m below sea level, while yellow-red soil is distributed in areas with an altitude of 500 to 800 m and mountain yellow soil is located in areas with an altitude of more than 800 m. Furthermore, red soil varies with soil depth: A horizon, B horizon and C horizon (Csv). Within the humid subtropical monsoon zone, Jiujushui watershed received an average annual precipitation of 1780 mm between 1961 and 2016, with 855 mm (48.0%) in the wet season from April to June and 225 mm (12.6%) in the dry season from September to November. Annual mean, maximum and minimum temperatures are 18.4 • C, 34.8 • C (in July) and 2.8 • C (in January), respectively ( Figure 2 ). The major land cover types include forest land, farmland and urban. Based on historical land use data, the changes in farmland and urban only accounted for <3.5% and 0.2% (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) of the watershed area, respectively, while forest cover change occurred from 36.4% to 77.1% between 1985 and 2016 (reforestation and fruit tree planting). 
Data Collection
Stream flow data used in this study were collected from Shuangtian hydrometric station (Station ID: 62406200) as part of the Chinese National Hydrological Network. Maximum and minimum daily flows were 396 m 3 
Stream flow data (1961-2016) used in this study were collected from Shuangtian hydrometric station (Station ID: 62406200) as part of the Chinese National Hydrological Network. 
Stream flow data Forest data (forest coverage data and area of fruit tree planting) were obtained from historical forest resources inventory in Nanfeng County. The major forest types included protection forest, timber forest and economic forest, among which Pinus massoniana, Cunninghamia lanceolata, citrus and Phyllostachys heterocycla (Carr.) Mitford cv. pubescens were dominant species in plantation forests. The typical planting density for fruit trees (citrus) in the study watershed is 3.5 m × 4.5 m.
Defining the Periods of Forest Changes
The watershed experienced two distinct forest cover changes over the period of 1961 to 2016. From 1961 to 1985, forest coverage in Jiujushui watershed declined by only 6.3%. Thereafter, a sharp increase of 40.7% from 1986 to 2016 attributed to the Sloping Land Conversion and Mountain-River-Lake Ecological programs in Jiangxi Province, during which fruit tree planting exponentially expanded after 2000 (Figure 3 ). Therefore, the whole research period was divided into three sub-periods-forest degradation (or the reference period from 1961 to 1985), reforestation (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and fruit tree planting (2001-2016)-based on the historical forest changes. It should be noted that the forest degradation period includes 6.3% of forest cover change. Stednick [2] stated that at least of 10~20% change in the watershed area is needed to produce significant hydrological changes. In addition, such a minor change occurred over the 20 years, without significant hydrological effects, that the forest degradation period (1961 to 1985) was treated as the reference or baseline period. Forest data (forest coverage data and area of fruit tree planting) were obtained from historical forest resources inventory in Nanfeng County. The major forest types included protection forest, timber forest and economic forest, among which Pinus massoniana, Cunninghamia lanceolata, citrus and Phyllostachys heterocycla (Carr.) Mitford cv. pubescens were dominant species in plantation forests. The typical planting density for fruit trees (citrus) in the study watershed is 3.5 m × 4.5 m.
The watershed experienced two distinct forest cover changes over the period of 1961 to 2016. From 1961 to 1985, forest coverage in Jiujushui watershed declined by only 6.3%. Thereafter, a sharp increase of 40.7% from 1986 to 2016 attributed to the Sloping Land Conversion and Mountain-RiverLake Ecological programs in Jiangxi Province, during which fruit tree planting exponentially expanded after 2000 (Figure 3 ). Therefore, the whole research period was divided into three subperiods-forest degradation (or the reference period from 1961 to 1985), reforestation (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and fruit tree planting (2001-2016)-based on the historical forest changes. It should be noted that the forest degradation period includes 6.3% of forest cover change. Stednick [2] stated that at least of 10~20% change in the watershed area is needed to produce significant hydrological changes. In addition, such a minor change occurred over the 20 years, without significant hydrological effects, that the forest degradation period (1961 to 1985) was treated as the reference or baseline period. 
Defining High and Low Flow Regimes
In this study, high and low flows are defined as the flows that are equal or more than Q5%, or equal or less than Q95%, in a given year, respectively, through flow duration curves, which represent the relationship between discharges and percentages of discharges below or exceed certain levels for a given time period [10, 23, 24] .
The flow regime includes five elements, which are magnitude, timing, duration, variability and frequency [11] . In this study, magnitude refers to the total amount of water moving through the outlet of the watershed in a given time. The time interval between rainfall peaking and flow peaking represents the timing of high flow, while timing for low flow refers to the average date of low flow occurrence in a year using the paired-wise approach (see the next section) [20] . Duration is defined as the number of days in which daily flow exceeded or was below a given magnitude: high flows refers to the number of days when daily flow exceeded or equaled median value in a given year, while duration of low flows refers to the number of days with daily flow below or equal to median value in a given year. Variability is denoted by the coefficient of variation (CV). Frequency represents how often flow exceeded or was below a given magnitude or return period of high and low flows. Using flood frequency analysis combined with Log-Pearson Type III for analyzing return periods [20, 25, 26] , we divided the return periods of high and low flows into four types: Tr ≤ 1, 1 < Tr ≤ 2, 2 < Tr ≤ 5 and 5 < Tr ≤ 10 according to the data, where Tr represents the return period. 
In this study, high and low flows are defined as the flows that are equal or more than Q 5% , or equal or less than Q 95% , in a given year, respectively, through flow duration curves, which represent the relationship between discharges and percentages of discharges below or exceed certain levels for a given time period [10, 23, 24] .
The flow regime includes five elements, which are magnitude, timing, duration, variability and frequency [11] . In this study, magnitude refers to the total amount of water moving through the outlet of the watershed in a given time. The time interval between rainfall peaking and flow peaking represents the timing of high flow, while timing for low flow refers to the average date of low flow occurrence in a year using the paired-wise approach (see the next section) [20] . Duration is defined as the number of days in which daily flow exceeded or was below a given magnitude: high flows refers to the number of days when daily flow exceeded or equaled median value in a given year, while duration of low flows refers to the number of days with daily flow below or equal to median value in a given year. Variability is denoted by the coefficient of variation (CV). Frequency represents how often flow exceeded or was below a given magnitude or return period of high and low flows. Using flood frequency analysis combined with Log-Pearson Type III for analyzing return periods [20, 25, 26] , we divided the return periods of high and low flows into four types: T r ≤ 1, 1 < T r ≤ 2, 2 < T r ≤ 5 and 5 < T r ≤ 10 according to the data, where T r represents the return period.
Elimination the Effect of Climate Factors on High and Low Flows with The Paired-Year Approach
To minimize the effects of climate variability on high and low flows, the paired-wise approach was used [10, 23, 24, 27] , which compares the flow regimes in forest change periods against the reference period under similar climate conditions. As such, the differences between two periods are mainly attributed to forest cover change. In this study, seasonal (wet = April-June, and dry = December-February) and annual precipitation, mean, maximum and minimum temperatures and wind speed were selected as proxies to represent climate conditions over these periods. Firstly, Kendall's Tau and Spearman's Rank were conducted to examine statistical relationships between seasonal and annual climate variables, as well as hydrological variables. As shown in Table A1 , annual precipitation (P) and wet-season precipitation (P w ), as well as maximum (T maxw ) and average temperature (T avew ) in the wet season were significantly correlated with high flows, while P, P w, T maxw and T max were significantly correlated with low flows, where subscript w denotes wet season. Secondly, canonical correlation analysis was used to examine the correlations between two sets of variables, and was elected to determine the highest correlations between sets of climate variables and sets of high and low flows [24] . As a result, P w , T max , T maxw and T avew were eventually determined as proxies for similar climate conditions between the reference and reforestation periods during low and high flows (Table A2) . Finally, climate variables between the reference and reforestation periods, and between the reference and fruit tree planation periods, were selected (Table A3 ). It should be noted that high flows are normally associated with storm events. Therefore, the different timings of high flows were selected based on the similarity of storm events in the forest cover change periods (Table A4 ). 
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Responses of High Flows to Reforestation and Fruit Tree Planting
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Responses of High Flows to Reforestation and Fruit Tree Planting
Timing
Rainfall events from 25 to 75 mm were selected to find the time intervals between rainfall peaking and flow peaking (Table A4) . No statistically significant relationships were detected between forest changes and average timing of high flows in the reforestation period (p = 0.136) and the fruit tree planting periods (no delay), respectively.
Duration
The analysis from all paired years revealed that the average duration of high flows in the reforestation period was significantly shortened by 2.2 days (p = 0.033) than that in the reference period ( Figure 5 ). In contrast, the average duration of high flows was not statistically altered in the fruit tree planting period (p = 0.235), but varied with events.
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Timing
Duration
The analysis from all paired years revealed that the average duration of high flows in the reforestation period was significantly shortened by 2.2 days (p = 0.033) than that in the reference period ( Figure 5 ). In contrast, the average duration of high flows was not statistically altered in the fruit tree planting period (p = 0.235), but varied with events. Compared with the reference period, the reforestation and fruit tree planting periods had no significant effects on the return periods of Tr ≤ 1, 1 < Tr ≤ 2, 2 ≤Tr ≤ 5 and 5 ≤Tr ≤ 10 of high flows, respectively (p = 0.260 and p = 0.155, respectively).
Variability
The reforestation and fruit tree planting periods had no statistically significant impacts on the average CV of high flows (p = 0.911 and p = 0.326, respectively).
Responses of Low Flows to Reforestation and Fruit Tree Planting
Magnitude
The average magnitude of low flows in the reforestation period was 46.38% (p = 0.026) higher than that in the reference period ( Figure 6 ). In contrast, the magnitude of low flows was not significantly altered in the fruit tree planting period (p = 0.234). 
Frequency
Compared with the reference period, the reforestation and fruit tree planting periods had no significant effects on the return periods of T r ≤ 1, 1 < T r ≤ 2, 2 ≤T r ≤ 5 and 5 ≤T r ≤ 10 of high flows, respectively (p = 0.260 and p = 0.155, respectively).
Variability
Responses of Low Flows to Reforestation and Fruit Tree Planting
Magnitude
Timing
Reforestation and fruit tree planting had no statistically significant impact on the average timing of low flows (p = 0.975 and p = 0.108, respectively).
Duration
The average duration of low flows in the reforestation period was significantly longer (p = 0.007) than that in the reference period. On the contrary, the average duration of low flows was insignificantly related to fruit tree planting (p = 0.085). As an example, for the paired years of 1968 and 1994, the daily flows (below or at 1.93 m 3 s −1 ) in 1968 (reference year) and in 1994 (reforestation year) were 18 and 0 days, respectively ( Figure 7 ). 
Frequency
Reforestation and fruit tree planting had insignificant impacts on the return periods (1 < Tr ≤ 2, 2 < Tr ≤ 5, 5 <Tr ≤ 10) of low flows (p = 0.231 and p = 0.111, respectively). 
Timing
Duration
Timing
Duration
Frequency
Reforestation and fruit tree planting had insignificant impacts on the return periods (1 < T r ≤ 2, 2 < T r ≤ 5, 5 < T r ≤ 10) of low flows (p = 0.231 and p = 0.111, respectively).
Variability
The CV of low flows was not significantly related to either reforestation or fruit tree planting, indicating that those two forest practices had similar impacts on the CV of low flows (p = 0.499 and p = 0.689, respectively). 
Discussion
Effects of Reforestation on High and Low Flows
In the study watershed, reforestation significantly decreased the magnitude and duration of high flows, which is consistent with the general conclusion from other studies [23, [28] [29] [30] . The reduction of high flows means lower probability of flood occurrence. Reforestation increases leaf area, evapotranspiration and canopy interception of rainfall, and consequently results in reduction of high flows and surface runoff [31] . On the other hand, reforestation enriches the vertical spatial structure of forest ecosystems, abundant understory vegetation and litter layers that can effectively absorb and store water, reducing peak flows [32, 33] .
Our results also indicated that reforestation had significantly reduced the magnitude and duration of low flows, which are similar to the findings reported in other studies [34] [35] [36] . Reforestation can restore the infiltration capacity and water retention ability of soil [23, 37, 38] , increase soil moisture content and groundwater recharge and consequently enhance low flows [39, 40] . However, the significant changes in the other flow regime components of low flows were not detected in the reforestation period. This may have been due to the slow forest recovery of soils after severe soil erosion occurred in the reference or forest degradation periods [20] .
Effects of Fruit Tree Planting on High and Low Flows
To our surprise, our results indicated that fruit tree planting significantly increased the magnitude of high flows in comparison with the baseline, suggesting that fruit tree planting had negative effects on high flows as the increased high flows produce a higher chance of flooding. Unlike reforestation, fruit tree planting is a distinct planting activity. Fruit tree planting often disturbs the ground surface and reduces surface roughness through intensive land management measures such as soil preparation and removal of understory vegetation and litter layers. As a result, the water-holding capacity of understory vegetation is impaired, which could lead to increased surface runoff [41] [42] [43] [44] . Furthermore, removal of weeds and litter can damage the ground surface structure and consequently reduce rainfall infiltration and increase soil and water loss [45] .
Our study showed that fruit tree planting had no significant impact on all flow regime components as compared with the reference period. This demonstrates that fruit tree planting did not significantly improve low flows. This is contrary to our expectation, as fruit tree planting is normally expected to play a positive role in soil and water conservation due to the increasing of forest cover. This finding is likely due to intensive land management and resultant reduction of soil infiltration capacity. For instance, some studies demonstrated that the intensive land management in the process of vegetation planting may degrade soil and alter soil infiltration capacity [46] , making it impossible for rainfall to infiltrate, and leading to a decrease of soil moisture and groundwater recharge [47] .
Contrasted Differences
Both reforestation and fruit tree planting can greatly improve forest coverage. However, their role in flow regimes of high and low flows are different. Our study showed that reforestation had significant and positive effects on the restoration of hydrological processes, while fruit tree planting significantly increased the magnitude of high flows and chance of flooding. Thus, fruit tree planting mainly showed negative effects on flow regimes (Table 1) , which is contrary to what we previously anticipated.
The contrasted difference in the responses of flow regimes between the reforestation and the fruit tree planting periods in our study was mainly due to vegetation types and associated management practices [48] . In the study watershed, forest types for reforestation were mainly arbor, while fruit tree species is similar to shrubs due to their similar heights and leaf areas. Lu et al. [49] demonstrated that the runoff magnitude of shrubs was higher, and runoff generation time of shrubs significantly earlier, than arbor. Furthermore, forest stands through reforestation often have well-established understory vegetation and litter layers, while fruit tree planting allows limited understory vegetation and litterfall due to control of weeds from intensive management. Our finding is consistent with Huang et al. [45] , who suggested that single-type citrus orchards and farming can significantly increase surface runoff compared with natural vegetation restoration. Thus, vegetation types and associated management practices are critical to flow regimes 
Uncertainty Analysis
There are several uncertainties in this study. Firstly, the paired-wise method has its own strengths and limitations. The current literature indicates that the paired-wise approach is an effective assessment technique for large watersheds (>100 km 2 ). However, its accuracy is largely dependent on the data used to select suitable and comparable pairs. In this study, the combination of Kendall's Tau, Spearman's Rank and canonical correlation over the different seasons ensured that our selected climatic variable was significantly related to both high and low flows. Although annual and seasonal climatic variable were considered, more climate variables in shorter time intervals could be included for better selection in this approach. Secondly, the effects of forest cover change on hydrology are cumulative, which mean that such effects can be prolonged over a long period of time. In this study, averaged hydrological effects between the reference and reforestation or fruit tree planting periods were assessed, which did not differentiate the dynamic and cumulative nature of hydrological effects over the study period. Finally, our study detected significantly negative effect on high flows. This might be related to several mechanisms including site preparation, control of weeds or other human activities. Further studies are needed to understand their relative effects so that the negative hydrological effects caused by fruit tree planting can be minimized. Despite the negative effects on high flow, its effects on the other studied hydrological variables were insignificant in this study, suggesting that the hydrological effects of fruit tree planting may be more complicated than we previously thought, which need more attention.
Conclusions
Our results show that reforestation has positive effects on high and low flow regimes, while fruit tree planting has negative effects on high flows in our studied watershed. The negative hydrological effects from fruit tree planting suggest that fruit tree planting may not always provide environmental benefits as previously expected, even though it increases forest coverage. To restore soil and water functions in the degradated areas of subtropical regions, caution must be exercised when selecting vegetation types and management practices. It also highlights future studies are needed to fully assess possible contributing mechnisms to increasing of high flows caused by fruit tree planting. 
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The authors declare no conflict of interest. Table A2 . Canonical correlation analysis between hydrological variables and climate factors.
Canonical R Hydrological Variable Set (High and Low Flows)
Climate variables sets Set 1 (P, T max ,) 0.774 ** Set 2 (P, T maxw , ) 0.774 ** Set 3 (P, T avew ) 0.774 ** Set 4 (P, T max , T avew ) 0.774 ** Set 5 (P, T maxw , T avew ) 0.793 ** Set 6 ((P, T max , T maxw ) 0.778 ** Set 7 (P, T max , T maxw , T avew ) 0.795 ** Set 8 (P w , T max ) 0.842 ** Set 9 (P w , T maxw ) 0.842 ** Set 10 (P w , T avew ) 0.841 ** Set 11 (P w , T max , T avew ) 0.846 ** Set 12 (P w , T maxd , T avew ) 0.844 ** Set 13 ((P, T max , T maxw ) 0.845 ** Set 14 (P w , T maxw , T maxw , T avew ) 0.847 ** * p ≤ 0.05, ** p ≤ 0.01. Time interval: time between rainfall peaking and flow peaking during a rainfall event.
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